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AbsTRACT
Introduction Paramedics are involved in examining, 
treating and diagnosing patients. The accuracy of these 
diagnoses is evaluated using diagnostic accuracy studies. 
We undertook a systematic review of published literature 
to provide an overview of how accurately paramedics 
diagnose patients compared with hospital doctors. A 
bivariate meta-analysis was incorporated to examine the 
range of diagnostic sensitivity and specificity.
Methods We searched MEDLINE, CINAHL, Embase, 
AMED and the Cochrane Database from 1946 to 7 
May 2016 for studies where patients had been given a 
diagnosis by paramedics and hospital doctors. Keywords 
focused on study type (’diagnostic accuracy’), outcomes 
(sensitivity, specificity, likelihood ratio?, predictive value?) 
and setting (paramedic*, pre-hospital, ambulance, 
’emergency service?’, ’emergency medical service?’, 
’emergency technician?’).
Results 2941 references were screened by title and/
or abstract. Eleven studies encompassing 384 985 
patients were included after full-text review. The types of 
diagnoses in one of the studies encompassed all possible 
diagnoses and in the other studies focused on sepsis, 
stroke and myocardial infarction. Sensitivity estimates 
ranged from 32% to 100% and specificity estimates from 
14% to 100%. Eight of the studies were deemed to have 
a low risk of bias and were incorporated into a meta-
analysis which showed a pooled sensitivity of 0.74 (0.62 
to 0.82) and a pooled specificity of 0.94 (0.87 to 0.97).
Discussion Current published research suggests that 
diagnoses made by paramedics have high sensitivity and 
even higher specificity. However, the paucity and varying 
quality of studies indicates that further prehospital 
diagnostic accuracy studies are warranted especially in 
the field of non-life-threatening conditions.
PROsPERO registration number CRD42016039306.
InTRODuCTIOn
Paramedics routinely obtain patient histories, take 
basic observations, perform physical examinations 
and use diagnostic tools such as ECGs or blood 
glucose tests. Although there is an ongoing debate 
in clinical practice and grey literature whether para-
medics formally diagnose patients, it is apparent 
that they use the obtained information to create an 
impression or field diagnosis which forms the basis 
for any treatment and transport recommendations.1 
Accurate diagnosis is important in patients with 
life-threatening conditions such as myocardial 
infarction (MI), stroke or sepsis where paramedics 
may bypass the nearest hospital in favour of a more 
specialised department, but is also relevant for 
non-life-threatening conditions, especially in light 
of ED overcrowding and the increase in see-and-
treat, alternative transport and alternative destina-
tion pathways.2 3 Alternative prehospital pathways 
in the UK, Australia, Canada and USA include para-
medics directly referring patients to community 
services; therefore, correct diagnosis especially of 
low-acuity clinical presentations is vital to ensure 
that referrals are appropriate and safe for patients.4 5
The accuracy of paramedics’ diagnoses can be 
evaluated through diagnostic accuracy studies. A 
systematic review of prehospital diagnostic accu-
racy was deemed necessary as no systematic review 
in this area has been published to date.
The aim of this systematic review was to evaluate 
the diagnostic accuracy of paramedics’ prehospital 
diagnosis of patients presenting to an emergency 
ambulance service compared with the in-hospital 
diagnosis given by doctors. This study was not 
disease-specific but looked at prehospital diagnostic 
accuracy across a range of diagnoses.
METhODs
A systematic review and meta-analysis of the litera-
ture was undertaken and reported according to the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines. Prior to commencing 
this review, a study protocol was developed and 
registered with PROSPERO.
Information sources
Studies were identified by searching electronic data-
bases, reference checking, citation searching and 
handsearching the Journal of Paramedic Practice, 
the Journal of Emergency Primary Health Care and 
the Australasian Journal of Paramedicine. Searches 
were performed on MEDLINE (Ovid, 1946–April 
week 3 2016), CINAHL (EBSCO, 1960–7 May 
2016), Embase (Ovid, 1947–7 May 2016), AMED 
(Ovid, 1985–May 2016) and the Cochrane Data-
base of Systematic Reviews (Cochrane Library, 
2005–7 May 2016).
search strategy
Databases were searched using a wide variety of 
search terms: ‘sensitivity’, ‘specificity’, ‘diagnostic 
accuracy’, ‘likelihood ratio?’ and ‘predictive value?’ 
(online supplementary appendix 1). The selected 
search terms avoided methodological filters, instead 
using text words and subject headings to describe 
the review’s index test in line with recommenda-
tions by de Vet et al.6 7 Search terms describing a 
target condition were not added due to aiming to 
retrieve all prehospital diagnostic accuracy studies 
regardless of target condition.6 The relevant setting 
was ensured using the search terms ‘paramedic*’, ‘pre-hos-
pital’, ‘ambulance’, ‘emergency service?’, ‘emergency medical 
service?’ and ‘emergency technician?’. The search was limited to 
languages using the phonological writing system due to a lack of 
funding for logographical writing.
study selection
Studies were assessed for eligibility against the following criteria:
► Population: patients of any age presenting to any emergency
ambulance service worldwide.
► Intervention: prehospital diagnosis given by paramedics or
emergency medical technicians (EMTs).
► Comparator/reference standard: hospital diagnosis given by
doctors.
► Outcomes: sensitivity, specificity, predictive values, likeli-
hood ratios (LRs) (or data to calculate these).
► Study design: excluded simulated studies, cost–utility anal-
yses, case studies, comments and letters.
Titles and/or abstracts of studies were screened by CW in 
order to exclude records according to eligibility criteria. Dupli-
cate studies were excluded using the reference management 
software EndNote V.X7 (Clarivate Analytics). The full text of 
potentially eligible studies was retrieved and assessed for eligi-
bility by the author.
Data extraction
To extract data from included studies, an amended version of 
the Joanna Briggs Institute’s standardised form was decided on 
in advance.8 Information was obtained from published articles 
and supplementary online information, although authors were 
contacted for further information if reported methods seemed 
unclear or results contained apparent errors.
Risk of bias
The risk of bias of included studies was assessed by CW using 
the validated Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS-2) tool.9 The tool provided signalling questions for 
four key areas: patient selection, index test, reference standard 
and flow/timing which guided CW in assigning high/unclear/low 
risks of bias scores to each study. Studies were included in the 
quantitative evidence synthesis if the first and last domain were 
judged to have a low or unclear risk of bias because index and 
reference tests were expected to be similar following the study 
selection process.
Outcome measures
The primary outcome measures were sensitivity and specificity 
of paramedics’ diagnoses. Sensitivity represented the probability 
that patients diagnosed with a certain condition in hospital were 
also diagnosed with this condition by paramedics.10–12 Speci-
ficity described the probability that patients for whom a partic-
ular diagnosis was excluded in hospital was also excluded by 
paramedics.10–12 Estimates of individual studies’ sensitivity and 
specificity values were plotted in a paired forest plot with 95% 
CIs using RevMan V.5.3 (The Nordic Cochrane Centre).
Secondary outcome measures were positive predictive values 
(PPVs) and negative predictive values (NPVs), as well as posi-
tive and negative LRs (LR+, LR−). PPV was the proportion 
of patients with a prehospital diagnosis of a particular condi-
tion, who were also diagnosed with this condition in hospital; 
whereby, NPV was the proportion of patients where a certain 
condition was excluded prehospitally, who also had this condition 
excluded in hospital.12 13 LR+ and LR− provided information 
on how likely patients with a certain hospital diagnosis were to 
have been given a positive/negative prehospital diagnosis than 
patients without this condition.14
The tertiary outcome measure was inter-rater reliability as 
measured by kappa coefficients. The kappa statistic was chosen 
in preference over per cent agreement because it seeks to 
measure agreement between clinicians beyond that which may 
be obtained by chance.15 Interpretation of reported kappa coef-
ficients was conducted using a commonly cited scale by Landis 
and Koch,16 as well as a more conservative scale by McHugh17 
which emphasised that kappa values falling short of the 1.0 
value symbolising perfect agreement indicated corresponding 
disagreement.
Evidence synthesis
Pooled estimates for the primary outcome measures were 
obtained by fitting the bivariate random-effects model using the 
‘metandi’ command in Stata V.13 (StataCorp).18 The bivariate 
random-effects model was chosen because it takes into consid-
eration any potential negative correlation between sensitivity 
and specificity, while accounting for differences between studies, 
known as heterogeneity.19 20
Heterogeneity between studies was investigated visually using 
a summary receiver operating characteristic plot to evaluate the 
scatter of points and the prediction ellipse, and statistically in the 
form of meta-regression.19 The meta-regression incorporated 
two planned subgroup analyses to compare whether the primary 
outcomes of sensitivity and specificity varied by methodological 
quality or diagnosis type. On a post-hoc basis, further subgroups 
(ie, study design, country and prehospital clinician qualifica-
tion) were also investigated. Due to the small number of studies 
within subgroups, the bivariate random-effects model could not 
be fitted, so a univariate random-effects model was fitted using 
the Stata command ‘metan’.21–23 Throughout, p values <0.05 
were deemed to indicate statistical significance.
No formal assessments of publication bias using funnel plots 
or regression tests were conducted because their effectiveness 
with diagnostic accuracy studies has not been established.19 24
REsulTs
The electronic literature search provided a total of 2936 records, 
and five further records were identified through additional 
sources (figure 1). Of these, 2918 were discarded after screening 
and full-text review which resulted in a total of 23 relevant refer-
ences as per the original exclusion criteria.
Subsequently, one full-text article using logographical writing 
was excluded due to a lack of funding for translation and 11 
abstracts of conference presentations were excluded due to 
providing insufficient information to facilitate in-depth quality 
appraisal which resulted in a total of 11 individual studies.
study characteristics
Table 1 shows the characteristics of the 11 studies selected 
for the review which incorporated 14 datasets and were all 
published in English. Sample sizes varied between studies due to 
study periods differing from 125 to 36 months26 and study popu-
lations consisting of a selection of patients suspected to have a 
certain condition25 27–33 or a consecutive cohort of all patients 
seen.26 34 35
In total, the included studies involved 384 985 participants 
and were either adults or the age range was not stated. The 
main eligibility criterion for patients was emergency ambulance 
transport to a defined hospital but additional criteria varied 
depending on the study population and type of diagnosis (eg, 
chest pain,31 33 suspected sepsis25 or dispatch code difficulty in 
breathing).30 Studies reporting demographic details described a 
male prevalence between 41.1%35 and 71%28 and a mean age 
between 47.634 and 69.825 years.
The reference standard in most studies was ED or discharge 
diagnosis made by an in-hospital physician, although two 
studies29 34 used diagnoses recorded on local databases or regis-
tries. The index test in all studies was diagnosis by a paramedic 
or a combination of paramedic/EMT. The types of diagnoses in 
the study by Ackerman and Waldron30 encompassed all possible 
diagnoses and in other studies focused on sepsis, stroke or MI.
All diagnostic accuracy studies are cross-sectional and descrip-
tive in nature; therefore, classifications by Rutjes et al36 were 
used to further define study designs: single-gate design to 
describe a consecutive series comparable with a cohort study 
and two-gate design to describe an approach similar to that of a 
case–control study.
Quality assessment of included studies
Overall, the included studies were considered to be of high 
quality following assessment using QUADAS-2 (online supple-
mentary appendix 2). However, three studies25 28 29 were judged 
as having a high risk of bias due to employing two-gate designs 
which are associated with overestimations of sensitivity and 
specificity.37 This was illustrated in the study by McClelland and 
Jones25 which reported a spurious specificity estimate based on 
Figure 1 Literature search flow chart.
an unplanned enrolment of a true-negative patient as confirmed 
through personal email communication with G McClelland on 
21 June 2016.
Two further studies were judged to have an unclear risk of bias 
as it could not be determined whether the high proportion of 
excluded patients (327/956 in Green et al27; 556/967 in Le May 
et al31) differed systematically from those who were analysed 
and therefore potentially introduced bias.9
Results of individual studies
The paired forest plot in figure 2 illustrates individual studies’ 
sensitivity and specificity. Sensitivity estimates ranged from 32% 
to 100% and specificity estimates from 14% to 100%. This 
means that paramedics’ ability to correctly identify or exclude a 
certain diagnosis varied considerably between the studies.
Estimated PPVs ranged from 23% to 84% and NPVs from 
4% to 100% (online supplementary appendix 3). This shows 
that there was considerable variation between the studies 
regarding the proportion of patients who were given a particular 
prehospital diagnosis and the corresponding hospital diagnosis. 
However, there was even greater variation in the proportion of 
patients who were ruled out from having a certain condition in 
the prehospital and in-hospital setting.
Estimated LR+ ranged from 0.5 to 168 and LR− from 0.05 
to 4. Most studies found that patients with a particular hospital 
diagnosis were several times more likely than patients with alter-
native hospital diagnoses to have also been given this particular 
diagnosis prehospitally and much less likely to have been given 
an alternative prehospital diagnosis. Although, the magnitude of 
LR+ varied considerably, only one study25 reported that patients 
with a hospital diagnosis of sepsis were less likely than patients 
without a hospital diagnosis of sepsis to have received a prehos-
pital diagnosis of sepsis (LR+ 0.5, 0.32 to 0.79) and were more 
likely to have not received a prehospital diagnosis of sepsis (LR− 
4, 0.64 to 25).
Diagnosis agreement between paramedics and hospital doctors 
was presented as per cent agreement in three studies: 78.2%,27 
78.24%28 and 94%.32 Two studies30 32 reported kappa coeffi-
cients (κAckerman=0.71, κFeldman=0.73) which were interpreted as 
indicating substantial agreement.16 However, following guid-
ance by McHugh,17 these values were interpreted as indicating 
moderate agreement based on only 50% and 53% of the studies’ 
data being considered reliable.
Evidence synthesis
The preplanned meta-analysis revealed pooled estimates of 
sensitivity 0.79 (0.65 to 0.88) and specificity 0.91 (0.80 to 0.96), 
as illustrated in figure 3. The preplanned exclusion of the three 
studies assessed to have a high risk of bias, resulted in pooled 
estimates of sensitivity 0.74 (0.62 to 0.82) and specificity 0.94 
Table 1 Summary of included prehospital diagnostic accuracy studies
study Country
sample 
size Age range Diagnosis Index test Reference standard study design
Ackerman and Waldron30 USA 244 N/A Any Paramedic Hospital physician (ED) Retrospective single-gate
Aufderheide et al33 USA 151 Adult MI Paramedic Hospital physician (discharge) Prospective single-gate
Brandler et al34 USA 72 984 ≥18 years Stroke Paramedic or 
EMT
Local database (discharge) Retrospective single-gate
Bray et al29 Australia 858 N/A Stroke Paramedic Hospital registry (discharge) Retrospective two-gate
Ducas et al28 Canada 703 18–85 years MI Paramedic Hospital physician (ED) Prospective two-gate
Feldman et al32 USA 151 20–92 years MI Paramedic Hospital physician (ED) Prospective single-gate
Govindarajan et al26 USA 308 359 ≥18 years Stroke Paramedic or 
EMT
Hospital physician (ED or discharge) Retrospective single-gate
Green et al27 Canada 629 ≥16 years Sepsis Paramedic Hospital physician (ED) Prospective single-gate
Le May et al31 Canada 411 N/A MI Paramedic Hospital physician (ED) Prospective single-gate
McClelland and Jones25 UK 49 >16 years Sepsis Paramedic or 
EMT
Hospital physician (ED or discharge) Retrospective two-gate
Wojner et al35 USA 446 N/A Stroke Paramedic Hospital physician (discharge) Prospective single-gate
NA, not available; ED, emergency department; MI, myocardial infarction; EMT, emergency medical technician.
Figure 2 Forest plot displaying sensitivity and specificity results for prehospital diagnostic accuracy. 
(0.87 to 0.97) (figure 4). The exclusion of low-quality studies 
emphasised paramedics’ high accuracy of identifying a particular 
diagnosis and slightly lower accuracy of excluding a particular 
diagnosis.
Statistical heterogeneity between studies was expected due 
to this being a review of diagnostic accuracy studies, and this 
was evident in the small degree of overlap between the studies’ 
CIs in the forest plot (figure 2).19 38 Heterogeneity was further 
indicated by the 95% prediction region in figure 4 being much 
larger than the 95% confidence region because the prediction 
region illustrates variation caused by between-study heteroge-
neity while the confidence region describes uncertainty associ-
ated within each study.38 The prediction region was even larger 
when all studies were included (figure 3) than when low-quality 
ones were excluded (figure 4) which suggests that methodolog-
ical quality was a source of heterogeneity.
The meta-regression (table 2) indicated statistically signif-
icant differences between studies varying in methodological 
quality, diagnosis type, study design, country and prehos-
pital clinician qualification. However, I2 statistics ranged 
from 81.7% to 99.6% for sensitivity and 96.0% to 99.9% 
for specificity which indicated that the variation between 
subgroups may be due to heterogeneity between individual 
studies. An exception was the any diagnosis type subgroup 
(specificity I2=49.9%, sensitivity I2=56.7%) which was to 
be expected due to all three datasets stemming from the 
same study.30 The results of this meta-regression should be 
treated with caution as findings associated with small study 
numbers may be coincidental.38
An unplanned sensitivity analysis was conducted to investi-
gate an inconsistency found in the flow chart provided by Bran-
dler et al.34 Personal email communication with ES Brandler on 
23 June 2016 provided clarification that a simple typing error 
had resulted in 71 699 true negatives being inputted instead of 
71 966. The subsequent sensitivity analysis after adding the 267 
missing patients as true negatives showed no variation in pooled 
sensitivity (0.79, 0.65 to 0.88) but a slight reduction of 0.00002 
regarding specificity (0.91, 0.80 to 0.96) which was not deemed 
clinically significant.
DIsCussIOn
This is the first known systematic literature review 
summarising the evaluation of paramedics’ diagnostic accu-
racy and included 11 international studies encompassing 
384 985 patients. Of these, 8 studies representing 11 indi-
vidual datasets were deemed to be of high methodological 
quality and were incorporated into a quantitative synthesis 
Figure 3 Summary receiver operating characteristic plot of all included studies.
which showed a pooled sensitivity of 0.74 (0.62 to 0.82) 
and a pooled specificity of 0.94 (0.87 to 0.97). In numbers, 
this equates to paramedics correctly excluding a particular 
diagnosis in 94 out of 100 patients and correctly identifying 
a diagnosis in 74 out of 100 patients. This means that on 
average paramedics were very good at excluding patients 
from having a particular condition and sufficiently accurate 
at correctly identifying patients with a certain condition.
Figure 4 Summary receiver operating characteristic plot of studies with low or unclear risk of bias.
Table 2 Meta-regression results
Variable Category Datasets Pooled sensitivity (95% CI) Pooled specificity (95% CI)
Pooled sensitivity 
P values
Pooled specificity 
P values
Methodological quality Low quality 3 0.80 (0.65 to 0.96) 0.68 (0.50 to 0.86) <0.001 <0.001
High quality 11 0.71 (0.55 to 0.88) 0.97 (0.96 to 0.97)
Diagnosis type Any 3 0.81 (0.74 to 0.89) 0.91 (0.87 to 0.95) <0.001 <0.001
MI 4 0.79 (0.63 to 0.95) 0.83 (0.72 to 0.94)
Stroke 3 0.54 (0.29 to 0.80) 0.99 (0.98 to 1.00)
Sepsis 1 0.74 (0.64 to 0.84) 0.79 (0.76 to 0.82)
Study design Prospective 6 0.76 (0.64 to 0.87) 0.86 (0.79 to 0.92) <0.001 <0.001
Retrospective 5 0.67 (0.43 to 0.90) 0.98 (0.97 to 0.99)
Country USA 9 0.69 (0.51 to 0.86) 0.98 (0.97 to 0.98) <0.001 <0.001
Canada 2 0.84 (0.64 to 1.00) 0.88 (0.70 to 1.00)
Prehospital clinician 
qualification
Paramedic 9 0.77 (0.70 to 0.85) 0.87 (0.82 to 0.92) <0.001 <0.001
Paramedic/EMT 2 0.47 (0.18 to 0.77) 0.99 (0.98 to 1.00)
MI, myocardial infarction; EMT, emergency medical technician. 
High levels of heterogeneity were present between the studies 
which may have been due to variations in study quality, diag-
nosis type and prehospital clinician qualification but could be 
due to variations between individual studies. The pooled sensi-
tivity value was altered minimally during a sensitivity analysis, 
although the displayed changes were very slight considering 
the investigated study encompassed the second largest sample 
included in the review.
This review indicated slightly higher values and less 
variability for specificity compared with sensitivity which 
suggests that paramedics were more reliable at excluding 
incorrect diagnoses than making correct diagnoses similar 
to responsibilities assigned to diagnostic tests as supposed 
to screening tests.39 This is appropriate given the signif-
icant consequences associated with paramedics making a 
particular diagnosis, for example, thrombolytic treatment 
when diagnosing MI, bypassing local ED when diagnosing 
stroke or referrals to community services when diagnosing 
non-life-threatening conditions.
The findings of this review of paramedics’ diagnostic accu-
racy can be applied to countries that employ the Anglo-American 
concept of pre-hospital care which involves highly trained para-
medics responding to critically ill and injured patients, rather 
than the Franco-German model which uses emergency physi-
cians.40 Findings should only be applied to adults as it could not 
be confirmed that the included studies encompassed paediatric 
patients.
limitations
The main limitation of this review was that the study popula-
tion and type of diagnoses were not the same across the studies. 
Furthermore, the quality of studies varied with three studies being 
judged to have poor methodological quality and two studies 
reporting high levels of missing data which suggests potential 
bias. Lastly, not all studies reported CIs for their sensitivity and 
specificity values, although their calculations were possible due 
to sufficient information being provided to create 2×2 tables.
In terms of the review process, limitations were based on 
the review’s limited scope due to this being a master’s thesis 
as exemplified by studies being selected by a sole researcher 
and therefore being unable to report on inter-rater variability. 
Furthermore, abstracts of conference presentations were 
excluded, despite this possibly providing a more accurate picture 
due to pre-hospital research still being in its infancy and many 
studies not being published in full. In addition, the results were 
biased towards the English language due the review question 
targeting the Anglo-American prehospital system involving para-
medics rather than physicians. Lastly, some eligible studies may 
have been missed despite the comprehensively conducted search 
due to poor indexing of diagnostic accuracy studies.6
COnClusIOn
The lack of literature that this review can be compared and 
contrasted with clearly illustrates that further pre-hospital diag-
nostic accuracy studies are necessary. This is emphasised by 
paramedics increasingly making significant clinical decisions 
regarding the treatment and transport of patients with life-threat-
ening conditions such as MI, stroke or sepsis. Other areas within 
pre-hospital care which could benefit from diagnostic accuracy 
studies are non-life-threatening conditions because paramedics 
are increasingly referring patients to community services rather 
than transporting them to ED. Consequently, it is vital that 
paramedics correctly diagnose non-life-threatening conditions 
as this ensures that subsequent referrals to general practitioners 
or community nurses are appropriate and therefore safe for 
patients.
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